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1. A radiation-curable liquid adhesive composition for glass, and 
which is especially suitable for bonding glass to plastics materials, said 
composition being of the kind comprising urethane acrylate in a liquid 
aO-ethylenical ly unsaturated diluent and characterised in that the 
urethane acrylate . compri ses (i> a first urethane acrylate comoonent!*whi ch 
t » for m ed at leaot mainly of material having a molecular weight (M^ ) 
above 150C, is oligomeric and has a functionality in the range of 1.7 to \ 
2.3. and (ii> an effective a m ount of a second urethane acrylate component 
which has a functionality of at least 3 and a molecular weight (M N > above 
1200. said component (ii) forms a minor amount, by weight, of the total 
weight of component <i> and component (ii), and the polyisocyanate material 
from which each of components (1) and (ii) is derived is mainly or wholly 
polyisocyanate in which the isocyanate groups are attached to aliphatic 
carbon a toss. 



RAD I AT [Q M-CHRAM .K ADHMS1VK OMPO: [IVJJMi 
AB^THAOT 

A radiation-curable con.poni t i on Hintablo for aw. km an 
adhesive for bonding frl«au f nnd in particolaT* for- tho production 
of clear glass lami na ten , nnd 01 tin? kind .roinpr i .1 i a ar^thaa^ 
ncrylate material in an -othy 1 en i'-a ] I v un.-va tu Pa t-?d diluent 
therefor, wherein the urothane acrylatu ma te ri a 1 comprint h 
fir3t component which in generally di Tunc t iohm 1 arid a M^.-ond 
component which nan *i functionality of at l«n:U at. oat ■■ and a 
molecular weight above I.VjO. 



transparent, preferably have a refractive index at least close to 
that of glass, exhibit adequate water- or raois ture-rea istance 
and be resistant to aging in sunlight. Further, since for many 
intended end uses it is desirable that at least one of the layers 
of the laminate is an organic glass such as raethncry late or 
polycarbonate or that a plastics foil such as of vinyl chloride 
polymer be provided between two glnss sheets (one or both of 
which may be of organic glass), it in also desirable for the 
composition to bond well to cer + yiin plastics t;iut«s rials, 
especially those that are available as transparent sheets or 
film. 

Much effort has been ex ponded ov»-r tht; t 1 0 - 15 yenrs 
in developing suitable coraposi t L^ns . *:nd a vt>ry wido variety of 
resinous components and d i 1 uent .compos i t i onr. has been proposed. 
One group of resins that has attracted particular interest 
comprises those which contain u re thane groups and particular 
examples of these qre the compounds obtainable by reacting r 
polyol with a po 1 yisocyana te to form a preferably oligomer ic 
urethane int^m^ . . having terminal hydroxy and/or isocyanate 
groups and reacting the intermediate with an >/>-ethy leni ca lly 
unsaturated compound having a group which is reactive with a 
hydroxy or isocyanc.*? g * jjp as appropriate. Where the 
unsaturated compound contains a carboxylic group attached to a 
carbon atom of the ^-ethylenically unsaturated group, i.e., 
contains the group 



urethane acrylate which has a functionality of at least about 3 and a ^ 
molecular weight M N above 1200. 

Functionality as used herein with respect to urethane acrylates 
relates to the number of aB-ethylenl cal ly unsaturated groups per 
5 molecule. 

According to the present Invention there is provided a radiation- 
curable liquid adhesive composition for glass, and which is especially 
suitable for bonding glass to plastics materials, said composition being of 
the kind comprising urethane acrylate in a liquid afJ-ethyl eni cal ly 
10 unsaturated diluent and characterised in that the urethane acrylate, . 

comprises (1) a first urethane acrylate component A which is form e d at l e ast 
mainly of material having a molecular weight (M N > above about 1500, is 
oligomeric and has a functional i tv i n the range of about 1.7 to about 2.3, 
and (ii) an offoctlvo amount of a second urethane acrylate component which 
*15 has a functionality of at least about 3 and a molecular weight (M N > above 
about 1200, said component (11) forms a minor amount, by weight, of the 
total weight of component (i) and component (ii), and the polyi socyanate 
material from which each of components (i) and (ii) is derived is mainly or 
wholly polyi socyanate In which the i socyanate groups are attached to 
20 aliphatic carbon atoms. 

By generally difunctlonal is meant that component (i), which may be a 
simple urethane acrylate or a mixture of urethane acrylates, has a 
functionality of about 2, i.e. from about 1.7 to about 2.3 preferably about 
1.8 to about 2.2. 

25 Urethane acrylates are notional ly obtainable by the reaction of a 

polyol and a polyi socyanate to form an intermediate, which preferably is 
oligomeric In nature and which 
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The polyol material, which may be one or a mixture of 
polyols, from which component (i) is derived is preferably at 
least mainly, and more preferably entirely or substantially 
entirely, polyether polyol; i.e. the oligoraeric chains are formed 
of repeating ether units. Examples of such polyols are oligomers 
of epoxides, especially ethylene oxide, propylene oxide or 
mixtures thereof. Best results are obtained when the oligoraeric 
chains of the polyol material are free or substantially free of 
linking groups other than ether, especially ester groups the 
presence of which appears to have a detrimental effect on water 
resistance . 

The polyol material will be largely or wholly diol in 
order to achieve the desired functionality in component (i). 

The polyisocyana te material, which may be one or a mixture 
of polyisocyanates, from which component (i) is derived may 
include aromatic polyisocyanates, e.g. as in phenylene 
diisocyanates , toluene d iisocyanates and. bis( isocyana toaryl )- 
alkanes, but is preferably at least mainly, and more preferably 
entirely or substantially entirely, polyisocyana te in which the 
isocyanate groups are attached to aliphatic carbon atoms. The 
inclusion of isocyanate groups attached to aromatic carbon atoms 
appears to adversely affect the water resistance and/or u.v. 
resistance of the composition. The polyisocyanate material will 
be largely or wholly diisocyanate to achieve the desired 
functionality in component (i). Examples of aliphatic 



composition does not appear to be obtained. Preferably the 
molecular weight is at least about 1500, more preferably at least 
about 1500 and most preferably at least about 2000. 

Contrary to the case for component (i), the polyol 
material from which component (ii) is derived, and which may be 
one or a mixture of polyols, may be at least mainly polyester 
polyol; i.e. polyol wherein the oligomer chains comprise 
repeating ester groups. In fact, very good results are obtained 
when the- polyol is derived from lactone, especially a 
caprolactone by which is meant a lactone having 7 atoms, 
including the oxygen atom, in the lactone ring, the free 
valencies of the ring carbon atoms generally being satisfied by 
hydrogen atoms although substitution by lower alkyl groups having 
one to four carbon atoms may also be tolerable. 

As in component (i), the polyisrocyana te from which 
component (ii) is derived, and which may be one or a mixture of 
polyisocyanates , is preferably at least mainly pblyisocyana te in 
which the isocyanate groups are attached to aliphatic carbon 
atoms. Examples are as given above for component (i). 

To obtain the desired functionality of component (ii), at 
least one of the polyisocyanate and polyol will contain material 
having at least three active, i.e. -NCO or -OH, groups, 
respectively. Polyols having three or more hydroxy groups may be 
obtained, for example, by polymerising a lactone in the presence 
of a compound having three or more active hydrogen atoms e.g. a 
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also be included, if desired. Examples are vinyl ethers, 
nitriles of unsaturated acids f esters of unsaturated acids and 
saturated alcohols and esters of saturated acid3 and unsaturated 
alcohols. Such compounds may al3o include other polar groups 
such as hydroxy, amino and urethane groups, e.g. a3 in 
hydroxyalkyl , N , N-diaiky laminoalky 1 and N-cnrbamoylalky 1 esters 
of >y5>-ethylenically unsaturated acids. 

Where good wa ter- re3is tance and/or u . v .- renin tance is 
desired, a preferred class of monomer for use in conjunction with 

• • / 0 acrylic acid in the diluent comprises raonoe3ters of acrylic 

• • • 

• •^ • acid. However, as an increase in the molecular weight of the 

alcohol from which the monoent*»r in derived tends to reduce the 
compatibility of the composition and adversely affect clarity, it 
is preferred that the monoester is derived from an alkanol having 
from 1 to G carbon atoms or a nubs t i tu ted derivative thereof 
preferably containing only carbon, hydrogen and oxygen atoms. 

Particularly preferred are the monoestern of alcohol:-* 
having the structure 



• • • 

• •• 

• • • 

• • 

• « 

• • • • 



• • • • 

• • • 



» • • 



R - C(R') ? - C(R') 2 - OH 



• • • • 



*\ ciO where R is -H, -OH or a monovalent organic group containing atoms 

• selected only from carbon, oxygen and hydrogen, and having not 

• m more than 4 atoms in a chain attached to the free valency, and 

each R' is individually selected from -H and -CH^ or R and R' 
together form a divalent group containing atoms selected from 
carbor , oxygen and hydrogen. Diluents containing such raonoe3ters 



preferred that the monoester doe3 not exceed 400? by weight of 
the acrylic acid-, by weight. It has also been observed that if 
the monoester is' present in substantial amounts, the bond 
strength tends to be significantly reduced. Accordingly the 
monoester is preferably employed in amounts of about 10? to 65 
or 70?, more preferably about 12-^7. to 607. based on the combined 
weight of monoester and acrylic acid. The preferred amount may 
vary with the nature of the monoester and the composition of the 
urethane acrylate but in general it is desired that the bond 
strength of the adhesive is at least 300 g/cm, preferably at 
least 500 g/ C m and most preferably at least 1000 g./cra, and that 
the bond has a "drincss", determined as described below in the 
description of Examples 4 to 1 1 , of at lear-t. "iV.'nnd preferably 
"C" and the moat preferred range is about 14% or 1P7.to about 30% 
or 35% of mcnoester based on the combined weight of the monoester 
and acrylic acid in the diluent. 

The diluent may, if desired, also include one or more, 
,>A-ethylenically unsaturated compounds in addition to the acrylic 
acid and specified acrylate, e.g. to adjust the viscosity or 
reactivity of the composition. Particular examples of such 
additional components are other >^-ethylenically unsaturated 
acids e.g. raethacrylic acid or x-cyanoacrylic acid; acrylates 
other than the specified acrylates, e.g. arainoacrylates , 
monomeric urethane acrylates and esters of acrylic acid with 
alkanols having 8 or more carbon atoms; methacrylates ; 
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the total composition. Preferably, therefore, ouch compounds are 
employed in amounts of less than about 5*. preferably less than 
about 2.5* by weight of the composition. Most preferably, the 
composition is free or substantially free of such compounds. 

The composition may also, if desired, contain a resinous 
or polymeric material in addition to the urethane acrylate. 
Preferably said material is at least substantially saturated 
e.g. as in epoxy resins, especially those derived from 
epichlorydrin and bis-phenols such as bio-phenol A. However the 
I-.-. 10 use cf unsaturated resins such as ^-ethylenically unsaturated 

polyesters is not excluded. Such additional resinous material 
will not normally form more than 50* by weight of the total 
composition , however. 

The inclusion of balsamic resins is particularly preferred 
" th6y incre « 3 * the resistance of the cured compositions to 
yellowing with age, even at quite low concentrations such as 2.5% 
by weight of the total composition. Examples of such resins are 
the high molecular weight alcohols obtained by the hydrogenation 
of resinic acids and described generically as hydroabietyl 
• c?<0 alcohols., such as those marketed under the Trade Name "ABITOL" , 

and esters, such as the triethylene glycol esters and 
hydrogenated methyl esters, of colophony, such as those marketed 
under the Trade Names "HERCOLYN" and STAYBBLITE" . In general 
sufficient protection is obtained with the use of 5* of the resin 
and little further benefit is obtained by exceeding 10* although 
larger amounts may be used if desired. 
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the photoinitiator should not introduce discolouration into the 
composition. Good reactivity, colour, water- resistance and 
adhesion are obtained using benzophenone , but many possible 
alternatives are suggested in the art. The photoinitiator is 
preferably employed in an amount of about 0-5 to about 10^ by 
weight of the basic composition, most preferably about 1 to about 

The u. v. irradiation period required to achieve the 
polymerisation of the adhesive is directly related to the time 
after which the minimum dose of radiation of proper wavelength 
has been absorbed by the adhesive layer. It therefore 
depends on the spectral distribution of the source, the power 
thereof, the distance thereof from the substrate to be irradiated 
and the optical transmission of that layer of the substrate which 
must be penetrated by the light before reaching the adhesive 
itself. Thus, glass and synthetic resins all have some 
significant extinction coefficient in the u.v. rnn/;e and, 
consequently, the irradiation duration must be adapted to the 
optical properties of each material used. 

As u.v. irradiation sources, any having an emission 
spectrum largely comprised above 0.3 ^ is convenient, e.g. 
mercury vapor lamps. One or more lamps of 20 W to about 10 KW 
can be used, e.g. a 2 kW lamp of type HTQ7 made by PHILIPS or a 
high- pressure mercury vapor lamp giving 80 W/cra made by HAflOVT A . 
Argon or krypton lamps can also be used. 



By means of the invention, it ia possible to obtain a 
u.v. -radiation curable adhesive composition comprising urethane 
acrylate and an <*■,% -ethylenically unsaturated diluent therefor, 
and having a very desirable combination of viscosity in the 
uncured state, reactivity in terms of time to cure when exposed 
to a source of u .v- radiation , and bond strength, 
water-resistivity, u. v. -resistivity . colour and clarity when 
cured. In particular, there can be obtained compositions having 
a viscosity of 1200 cp or less, measured using a Brookfield LV 
viscometer with a No. 1 spindle at 6 rpm at 20°C, and a cure 
time, as herein defined, of 30 seconds or less, and which cures 
to a clear and colourless adhesive layer having a bond strength 
of at least 500 g/cra, a water- resistance of at least 4 and 
u.v. -resistance of 0, where bond strength, water-resistance and 
u.v. -resistance are all as defined herein. 

The invention is now illustrated by the following Examples 
in which all parts are expressed by weight unless otherwise 
indicated . 

In these Examples, water resistance, u.v. resistance, bond 
strength and cure time were measured as follows: 

Water Resistance: an excess of the composition is applied to one 
face of a 50 x 25 x 4 mm glass plate. a second glass plate of 
identical size is then pressed on to the coated surface and the 
excess adhesive expressed from the edges of the assembly is wiped 
off. After curing, the assembly i 3 immersed in boiling water for 
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from the degree to which the adhesive layer has become 
discoloured after 63 hours exposure and is recorded on the scale 
0-5 where 0 means there has been no observable colour change, 
5 means a deep yellow colour has developed and numerals 4 to 1 
relate to progressively lighter yellow colours. 
Bond strength was measured by a Peel Test according to ASTM 
D 1876-69. A 4 x 40 x 100 mm glass plate is bonded to a 40 x 165 
mm sample of pvc film, e.g. Storey's VIBAK VT3 24, using a sample 
of the composition. The pvc film is then cut to produce a 
}0 centrally disposed 25 mir wide band and the lateral bands are 

removed to avoid any edge effects. The central pvc band is then 
peeled from the glass strip at 180° and a parting speed of 30 
cra/rainute using an Instron or similar machine. The resistance, 
measured in g/cra is a measure of the bond strength. 
Cure time. Time taken to cure the composition when employed as 
a layer between the pvc film used in the 'Bond Strength 1 test and 
a 3 mm thick' sheet of float glass and irradiated through the 
glass sheet using a 1 kw u.v. radiation source having a 
wavelength of approximately 10 cm and spaced 40 cm from the 
* St O surface of the glass sheet. 

The urethane acrylates employed in the following Examples 
are as follows: 

Ebecryl 230, a urethane acrylate marketed by U.C.B. of Belgium, 
described as having a molecular weight of about 5000 and an 
average functionality of 2 and found by analysis to contain 
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weight material consisting largely of MCEA. 
Genomer T-1600, marketed by Rahn S.A. of Switzerland and 
described as oligomeric urethane acrylate free of diluent and 
having a molecular weight of about 1600 and about three 
acrylate groups per molecule, on average, and shown by analysis 
to be derived from caprolac tone-derived polyol, isocyanate 
material including hexamethy lene diisocyana te , and acrylic acid. 

All the compositions described in the Examples are curable 
within a few seconds to tough flexible transparent colourless and 
generally clear films having a refractive index equal or very 
similar to that of glass. 

Example 1 

An adhesive composition was prepared from 57 parts of 
Ebecryl 230, 2 parts of Actomer X- 1 17, 29 part3 of acrylic acid, 
9*5 parts of n-butyl acrylate and 2-5 parts benzophenone . The 
composition was clear, colourless and- transparent and the results 
obtained were <as follows: 

Viscosity of uncured composition (measured on a Brookfield 

LV Viscometer at 20°C using a No . 1 spindle at 6 

r.p.m. ) : 

as formed : 700 cp 

after 4 months storage in the dark : no change 
Curing time : 25-30 sees 
Bond strength : about 2100 g/cm 
Water resistance : 3-4 
U.V. resistance : 0 



Average number of strikes 
Type of Laminated Glass required before ball passed 

completely through laminate 

A. 4 mm glass/0.76 mm interlayer/ 
4 mm glass, sold commercially 

as "K1N0N" * 5 

B. 4 mm glass/0.76 ram interlayer/ 
4 mm glass, sold commercially 

as H SIV n 4 



In both the above cases, when the test was repeated at 
45-50°C, the ball passed through the laminate on the first drop 
because of the lo3S of strength of the polyvinyl butyral 
interlayer at this temperature. 

By way of comparison, a further composition wu3 formed m\ 
above, but excluding the X-117; and laminates formed therefrom 
were subjected to the falling ball test. When the glass 
3hattered under the impact, a larger proportion of the gia3s 
splinters and fragments so formed tended to become detached from 
the laminate. Moreover, the bond strength of the adhesive won 
significantly reduced. 

Example 2 

Results similar to those reported in Example 1 were 
obtained when the Actomer X-117 was used in amounts of 5 parts 
and 10 parts by weight, respectively. 
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A decrease in "driness" (or increase in "softeness" or 
"suppleness") of the bond is normally accompanied by an increase 
in the performance in the "Palling Ball" test, described in 
Example 1, of glass/plastics interlayer/glass laminates formed 
from the composition; especially a reduction in the tendency (a) 
of the laminate to delaminate under impact and (b) of glass 
fragments to fall away when one or other of the glass layers is 
shattered under impact. 

Examples 12-19 
A series of formulations were prepared with 55.3 parts 
Ebecryl 230, 28.0 parts acrylic acid, 9.3 parts of another 
monomer, 2.5 parts of benzophenone and 4-9 parts of Actomer X- 
117. The nature of the monomer and the results obtained are set 
out in the Table below. 
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In Examples 13, 15, 17 and 19, there was evidence of a 
trace of incompatibility but insufficient to affect clarity 
significantly. At higher levels of these components in the 
diluent, however, significant incompatibility can occUr. 



Example 20 

When Example 1 was repeated but with the Actomer X-117 
present in an amount equal to that of the Ebecryl 230, by weight, 
the bond strength of the resultant adhesive was slightly lower at 
1960 g/cm, cure time was about the same but the water- resistance 
was substantially reduced at 1.5- In a fifth experiment in which 
all the Ebecryl 230 was replaced by Actomer X-117, the water- 
resistance was still further reduced at 1.0, the cure time 
exceeded 2 minutes and the bond exhibited driness . 

Example 21 

An adhesive composition was prepared from 55.3 parts 
Ebecryl 230, 37-3 parts methacrylic acid, 2.5 parts benzophenone 
and 4.9 parts Actomer X-117. The water-resistance was high at 7 
and the bond strength was 1700 g/cm but the cure time was nearly 
one minute. 



Examples 22 - 30 
Varying amounts of the combination of acrylic acid and 
n-butyl acrylate of the composition of Example 18 were replaced 
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Example 31 

The composition of Example 18 wns modified by the 
inclusion of 5 parts of a balsamic resin sold as ABITOL by 
Hercules NV of Netherlands. A sample of the formulation was then 
employed to fill the space between two 3 mm thick glnsa shoots 
spaced 0.75 mm apart and cured and the resultant laminate was 
exposed to the light of a 1 Kw high pressure mercury lamp. After 
186 hours continuous exposure, the cured composition was still 
water-white. When the experiment was repeated using the 
formulation of Example 18, the cured composition turned a very 
pale straw colour after 186 hours exposure. 

Examples 32 and 33 
Example 31 was repeated but using 2.5 parts of balsamic 
resin (Example 32) and 10 parts of balsamic resin (Kxnmple 33). 
An improvement in aging was observed in Example 32 but the 
results were not quite as good as Example 31. In Example 33, the 
improvement over Example 31 was barely perceptible. 

Examples 34 and 35 
Example 31 was repeated but replacing the ABITOL with 
corresponding amounts of other balsamic resins, namely Staybelite 
Ester 3 (Example 34) and Hercolyn (Example 35), with the same 
results. 
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component (1) has a molecular weight M N In the range of 3000 to 7000. 

11. A composition as claimed In any one of claims 1 to 10 wherein 
component <1> forms from 50% to 99% by weight of total urethane aery late In 
the composition, 

12. A composition as claimed 1n any one of claims 1 to 11 wherein 
more than 50% the polyol material from which component (11) Is derived Is 
polyester polyol . 

13. A composition as claimed 1n claim 12 wherein the polyol material 
from which component (11) Is derived Is derived from lactone. 

14. A composition as claimed 1n claim 13 In which the lactone 
comprises caprolactone. 

15. A composition as claimed In any one of claims 1 to 14 wherein 
more than 50% of the polyl socyanate material from which component (11) Is 
derived Is polyl socyanate In which the 1 socyanate groups are attached to 
aliphatic carbon atoms. 

16. A composition as claimed in any one of claims 1 to 15 wherein 
component (ii) forms from 0.5% to 30% by weight of the total urethane 
acrylate. 

17. A composition as claimed in any one of claims 1 to 15 wherein 
component (11) forms from 0.8% to 20% by weight of the total urethane 
acrylate. 

18. A composition as claimed in any one of claims 1 to 15 wherein 
component (ii) forms from 1% to 15% by weight of the total urethane 
acrylate. 

19. A composition as claimed in any one of claims 1 to 18 wherein 
the diluent Includes acrylic add. 

20. A composition as claimed in any one of claims 1 to 19 wherein 
the diluent comprises acrylic acid and at least one monoester of acrylic 
acid. 

21. A composition as claimed in claim 20 wherein said at least one 
monoester is derived from an alkanol having from 1 to 6 carbon atoms and 
substituted derivatives thereof. 

22. A composition as claimed in claim 21 wherein said alkanol or 
substituted derivative thereof contains only carbon, oxygen and hydrogen 
atoms. 

23. A composition as claimed In claim 21 wherein said at least one 
noester Is derived from an alcohol having the structure 

R - C(R , ) 2 - C(R') 2 - OH 
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which cures to a clear and colourless adhesive layer having a bond strength 
of at least 500 g/cm, a water-resi stance of at least 4 and u . v . -resl stance 
of 0, where bond strength, water-resistance and u. v. -resistance are all as 
defined herein. 

36. A method of producing a clear glass laminate which involves 
bonding a first sheet of glass to a second sheet which Is selected from 
glass sheets and clear plastics sheets using an adhesive, wherein as 
adhesive there Is used a composition as claimed in any one of the preceding 
claims and the assembly of sheets with a layer of the adhesive composition 
therebetween Is exposed to irradiation to cure the adhesive and bond the 
sheets together. 

37. A method of producing a clear glass laminate in which one face 
of a clear plastics foil or film interlayer is bonded to a glass sheet and 
the other face 1s bonded to a second sheet which Is selected from glass 
sheets and clear plastics sheets, wherein the bonding of at least said 
glass sheet to said interlayer is effected by means of an adhesive 
composition as claimed in any one of claims 1 to 35 and the assembly of 
glass sheet and interlayer with a layer of the adhesive composition 
therebetween is exposed to irradiation to cure the adhesive and bond the 
sheet and interlayer together. 

38. A method as claimed in claim 36 or claim 37 in which the 
adhesive composition is photopolymer i sabl e and the irradiation is by 
ultra-violet light. 

39. A laminate comprising a first sheet of glass bonded to a second 
sheet which is selected from glass sheets and clear plastics sheets by 
means of a layer of a composition as claimed In any one of claims 1 to 35 
which has been cured by Irradiation. 

40. A laminate comprising a clear plastics foil or film interlayer 
one face of which is bonded to a glass sheet and the other face of which is 
bonded to a second sheet selected from glass sheets and clear plastics 
sheets and wherein at least the bond between the interlayer and the glass 
sheet is by means of a layer of a composition as claimed in any one of 
claims 1 to 37 which has been cured by irradiation. 

41. A radiation-curable liquid adhesive composition substantial ly .as 
hereinbefore described with reference to any one of the Examples. 

42. A method of producing a clear glass laminate substantially as 
hereinbefore described with reference to any one of the Examples. 
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